Using a recently developed model of bacterially induced sepsis in baboons, we studied the time courses of pteridine and nitrate levels in plasma with regard to the dose of Escherichia coli. Eight animals were given a 2 h infusion of 2X 10" Colony Forming Units live E. coli/kg BW (group LOW), and six others 2X 10" CFU/kg BW (group HIGH). Endotoxin levels and, consequently, the TNF-a, IL-8, and IL-6 concentrations clearly corresponded with the infused amount of live E. coli. The neopterin/creatinine ratio increased in both groups up to 24 h, but was more pronounced in the HIGH group. In contrast, the biopterin/ creatinine ratio increased in the HIGH group, but remained unchanged in the LOW group. Plasma nitrate levels remained at baseline (::::: 20 Ilmol!l) up to 4 h, but then increased three-to fourfold within the next 4 h and remained elevated in the HIGH group. In group LOW, the concentrations were unchanged throughout the observation period.
Introduction
Nitric oxide (NO) is now established as being a biological mediator of clinical relevance. Two major physiological roles of NO have been defined : cellcell communication and cytotoxicity. The role NO actually adopts may depend on the kinetics of the NO release from different NO synthases and on the biochemical response of the target cells to NO. Pathological disturbance of NO pathways may lead to abnormalities in cell-cell communication, cyto- § Authors to whom correspondence should be addressed.
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Pteridines / Vol. 6 I No. 1 toxicity, or both, in one or even numerous tissues. The therapeutic challenge is to manipulate these NO pathways specifically and selectively. one mandatory prerequisite for which is to gain more insight into the relative kinetics of cytokines, cofactors. and finally NO release after an immune challenge.
Under conditions of immune stimulation a widespread induction of NO synthase (NOS) is well documented (1,2). This enzyme requires tetra hydrobiopterin to be fully active (3). recently reported that lipopolysaccharide increases GPT-CHI activities and tetrahydrobiopterin (H4bip) levels in various tissues in rats: this is paralleled by highly elevated plasma nitrate levels but without an increase in the plasma biopterin concentrations. Since differences between the enzyme patterns of pteridine metabolism in murine and human (primate) cells have been reported (5), we decided to the measure total biopterin, which includes theH4 bip, the cofactor for NOS, and neopterin levels throughout the experiment. Neopterin is primarily marily secreted by stimulated primate monocytes/ macrophages (6) and has proven to be a reliable marker of inflammatory and septic events (7, 8) .
Experimental procedures

Subchronic Model of Bacteremia
Sepsis was induced by infusion of live E. coli (RN 2444 type B ATCC :If 33985) for 2 h at a concentration of 2X 10" CFU/kg BW (group HIGH, n=6) and 2X 10' CFU/ kg BW (group LOW, n=8). For details, see Schlag et al. (7, 9) .
The Endotoxin
Level was determined by a kinetic LAL procedure according to Bahrami et al. (10) .
Cytokine Measurements
TNF-a, IL-6, and IL-8 were measured by ELISA techniques.
Pteridines
The neopterin level was determined by radioimmunoassay CIBL, Hamburg, FRG). Regarding the total biopterin level, oxidation of di-and tetrahydrobiopterin to biopterin was performed according to Fukushima and Nixon (11). The acidic reaction mixtures were then applied to solid phase extraction cartridges, directly eluted to a reversed phase HPLC, and quantified by fluorescence (12). Figure 2 . TNF-a levels during and after the administration of 2 X IO'(LOW) and 2 X IO\HIGH) CFU live E. coli/kg BW. Data are gi ven as median and quarter percentiles. "indicates significance(p<O.05) ng/ml IL -6
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Nitrate
Levels were detected according to the procedure described by Green et al. (13) with modifications by Werner-Felmayer et a1. (4) Estimates are based on the reduction of nitrate to nitrite in a cadmium reactor, followed by reaction with Griess-Ilosvay reagent at 60"c and detection by UV adsorption at 546 nm.
Statistics
Data are presented as median and as 25% and 75% percentiles. The statistical evaluation was performed using Wilcoxon signed rank test, with p< 0.05 indicating significance. 
Results
The administration of live E coli in two doses leads to clearly distinguishable endotoxin levels (Fig. 1) . The first cytokine to appear is TNF-a (Fig.  2) , showing maximum concentrations at 2 h. At 4 h IL-6 ( Fig. 3) and IL-8 (Fig. 4) reach their highest concentrations. All cytokines show a clear dose dependence. Pteridine levels begin to increase slightly after about 8 h. The monocyte specific neopterin (Fig. 5) increases about fourfold between 8 and 24 h, paralleled by an approximately twofold increase in the ubiquitously synthesized biopterin (comprising the reduced H 2bip, and H.bip) and the oxidized isoforms (Fig. 6) Nitrate ( % change of basal level) . Nitrate levels are shown as the percenta ge change from baseline. Data during and after the administratio n of 2X IO"(LOW) and 2X 10 9 (HIGH) CFU live E. coli/kg BW. Data a re given as media n and quarter percentil es. *indicates significance (p<O.OS) and the LOW groupsare only found at 24 h . In contrast, nitrate concentrations (Fig. 7) are unchanged in both groups up to 4 h. then the HIGH group shows a three-to fourfold increase at 8 and 24 h . Group LOW remains at baseline throughout the experiment.
Discussion
The induction of cytokines by the infusion of live bacteria shows a distinct time and dose dependence. The production of TNF-a, presently considered to be the key mediator in the progression toward organ damage and multiple organ failure, is stimulated very rapidly (maximum at 2 h) and is followed by IL-6 and IL-8, peaking at 4 h. The pteridines also increase in parallel and dose dependently, but several hours later. The neopterin/ creatinine ratio rises almost tenfold between 8 and 24 h in the HIGH group. Even in the absence of a prolonged stimulus, increased neopterin concentrations were measured in baboons (9) and human volunteers (14) after bolus lipopolysaccharide adminstration. The sustained presence of neopterin in the circulation is exploited by using it as a diagnostic (15, 16) and monitoring (17) indicator in intensive care patients.
From a metabolic point of view, biopterin is even more interesting. The reduced tetrahydro form (H4 hip) has been shown to be the essential cofactor for NOS (3) . H4bip depends on the induction of GTP-CHI to meet the demand of inducible NOS (18) . Recent experiments performed in rats (4) provide c:'yidence that the induction of GTP-CHI takes about 12 h in most organs except the liver, where a significant increase was seen after 7 h. In these animals the plasma levels of total biopterin and H4 bip did not increase for 12 h, suggesting that H4bip is kept effectively within the tissues (4). Since the rdative proportion of reduced and total biopterin remained unchanged throughout the experiment, these data nicely fit our baboon data. Interestingly, our measurements reveal a marked increase in biopterin in plasma only from animals receiving the high dose of E. coli. The significance of this observation remains to be elucidated.
Nitrate levels reflect the production of NO but unfortunately tell nothing about the source. In our haboon model they begin to rise at about 6 to 8 h and stay elevated throughout the experiment in the HIGH group, while in the LOW group no change in nitrate levels were detected. The extent to which the observed systemic effects (data not shown) are due. entirely or in part, to the action of NO is still unclear. but the data strongly indicate the pivotal role of the lipopolysaccharide-TNF-a-GTP-CHI-H4 bip-NO axis.
